The motor system is a convenient place to examine either were directly adjacent to or overlapped with this theory, given that the cortical representations of areas activated by actual movement of the tongue, the face, arm, and leg are discrete and somatotopically fingers, or feet. These results demonstrate that the organized in the motor and premotor cortex (Leyton referential meaning of action words has a correlate and Sherrington, 1917; Penfield and Rasmussen, 1950; in the somatotopic activation of motor and premotor Rizzolatti and Luppino, 2001) ( Figure 1A ). In the case of cortex. This rules out a unified "meaning center" in words referring to actions performed with the face, arm, the human brain and supports a dynamic view acor leg, neurons processing the word form and those cording to which words are processed by distributed processing the referent action should frequently fire toneuronal assemblies with cortical topographies that gether and thus become more strongly linked, resulting reflect word semantics.
referred to and reminded them of leg, arm, and face However, since most studies investigating the issue movements that they could perform themselves (Figure have focused on the cortical processing of highly im-1B). From the rated material, 50 words from each of ageable concrete nouns and concepts related to their the three semantic subcategories were selected and meaning, it is possible that other word types engage presented in a passive reading task to 14 right-handed semantic representations in other cortical regions. When volunteers, while hemodynamic activity was monitored hemodynamic and neurophysiological imaging studies using event-related fMRI. Figure 2B ) are presented in Figure 2C . overlap regions were computed between corresponding conditions. Whereas tongue movements elicited activation in premotor areas just posterior to the inferior frontal related words activates premotor cortex (Martin et al., patch activated by face words, the other word types 1996) in addition to the activation of areas known to and their related body movements produced significant contribute unspecifically to the processing of all types overlapping activity in the motor cortex ( Figure 2D ; Table  of ). Here, we could precisely localize words (in red) was found dorsal to these in the premotor this specific activation to action word subcategories cortex in the middle frontal gyrus bilaterally and in the in motor and premotor cortex and demonstrate their motor cortex in the precentral gyrus of the left hemioverlap with areas contributing to action programming. sphere. Leg words (in blue) produced specific foci in It may be that multimodal mirror neurons contributing to dorsal areas in left and midline pre-and postcentral both language and action are the basis of the observed gyri and in dorsal premotor cortex on the midline. This overlap in cortical activation. pattern is consistent with a somatotopic organization We tested the hypothesis that action words should of cortical activity induced by action words along the elicit a somatotopic activation pattern within premotor motor strip and in premotor cortex. A relationship beand primary motor areas. This hypothesis was contween action and action word processing is further sugfirmed by our data: body part-specific primary motor gested by the resemblance of the action-and wordactivation was found for arm-and leg-related words, evoked hemodynamic changes documented in Figures while premotor cortex was activated by arm-and facerelated stimuli. Furthermore, we found overlap between 2A and 2B. activation produced by arm and leg words and the corre-"chew," etc.). The corresponding movements would not have been suitable for our localizer experiment, since sponding finger and foot movements but not for face word and tongue movement activation. This may be they could cause severe movement artifacts. In contrast, small finger and foot movements are relatively unprobexplained by the fact that the tongue is mostly involved in articulatory movements. The face words employed lematic in the scanner, and these body parts are usually involved in movements performed with the whole arm in our study referred to a wider range of movements involving the jaw or the whole head (such as "bite,"
or leg, such as in grasping or walking movements, re-be critical for the processing of these words (Neininger 
